L iver transplant offers patients with end-stage liver disease the opportunity for enhanced quality of life and longer survival. 1,2 However, these favorable outcomes are largely dependent upon a lifetime commitment to daily immunosuppression therapy. Mismanagement of immunosuppression therapy jeopardizes the technical success of solid-organ transplants and may increase the risk of graft loss, morbidity, rehospitalization, higher health service utilization and costs, retransplantation, and death. [3] [4] [5] [6] Although nonadherence to immunosuppression therapy has not yet been shown to compromise graft and patient survival rates after liver transplant specifically, liver transplant recipients typically are advised to maintain optimal adherence to the immunosuppressant medication regimen.
Nonadherence, or the extent to which patients' medication-taking does not correspond to medical recommendations, has been the focus of increased study in solid-organ transplant for the past 2 decades. In a meta-analysis of 147 studies, Dew et al 7 reported an immunosuppression nonadherence rate of 22.6 cases per 100 persons per year (PPY), among the highest nonadherence rates of all behaviors examined. Relative to kidney (36 cases per 100 PPY) or heart (14 cases per 100 PPY) transplant recipients, liver transplant recipients had significantly fewer problems taking immunosuppressant medications (7 cases per 100 PPY). However, only 7 studies examined medication adherence in liver transplant recipients (vs 32 studies in kidney transplant), and they varied considerably in the definition of nonadherence, reported prevalence of nonadherence, and methodological rigor.
As part of the patient selection process, transplant programs attempt to identify patients most at risk for nonadherence after liver transplant. [8] [9] [10] [11] Clinical assessments of nonadherence risk are based largely on factors associated with medication nonadherence in the nontransplant literature, including mood disturbances, passive coping strategies, substance abuse, prior medication nonadherence, and limited social support. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Some candidates at high risk for posttransplant nonadherence are either not listed or required to participate in treatment programs designed to reduce nonadherence risk. 8, 24 However, whether the presence of these pretransplant factors increases the risk of immunosuppression nonadherence after transplant is not currently known. In the Dew et al 7 meta-analysis, nonwhite race, inadequate social support, and poorer perceived health were the only psychosocial variables associated with immunosuppression nonadherence. However, the effect sizes were very small and highlight the need for further examination of these psychosocial factors in the liver transplant population. In the only prospective study to date, Dobbels et al 25 found that pretransplant nonadherence and poor social support, but not depression, were independent predictors of immunosuppression nonadherence in transplant recipients. However, liver transplant recipients, while representing nearly half of the sample, were combined with heart and lung transplant recipients in this study.
The current study examined the prevalence of immunosuppression nonadherence in a large cohort of adult liver transplant recipients at 2 transplant centers. We also examined whether pretransplant sociodemographic and psychosocial variables were predictive of nonadherence after liver transplant. We hypothesized that immunosuppression nonadherence would be highest in patients with pretransplant mood disturbance, substance abuse, and inadequate social support.
Methods

Participants and Recruitment Procedures
Adults who underwent liver transplants at the University of Florida in Gainesville or at Beth Israel Deaconess Medical Center in Boston, Massachusetts, were invited to participate in the study. Inclusion criteria were as follows: primary liver transplant recipient, 6 to 24 months after liver transplant, age at least 18 years old, and English speaking. Patients within 6 months of liver transplant were excluded because it is common for them to experience multiple adjustments in the immunosuppression regimen in the initial months after transplant and we wanted patients to be on a stable immunosuppression regimen for several weeks before study participation. Patients more than 24 months after transplant were excluded because we were primarily interested in "early" posttransplant nonadherence. At both centers, patients were mailed a letter describing the study and then called by a research assistant who discussed the study with them. The research assistant was not affiliated with the transplant program. Verbal informed consent was obtained and documented for those who chose to take part in the study, and they were scheduled for a telephone interview.
Data Collection Procedures
A structured telephone interview was conducted by a research assistant unaffiliated with the transplant program. Patients were informed that no judgments were being made about their medication-taking behaviors, that we were interested only in understanding how we can help adults better manage their health after transplant, and that none of the information they provided as individual patients would be shared with their transplant providers. This approach was designed to facilitate candid reporting by patients. Patients were not compensated. This research was approved by the institutional review boards at both institutions.
During the interview, patients were first asked to name all of their medications. If they did not remember the medication name, the interviewer told the patient which drug(s) was part of their immunosuppression regimen. Patients were then told to answer the subsequent questions about only their immunosuppressant medication(s) and to think about only the past 6 months. To assess "missed dose" nonadherence, we asked: In the past 6 months, how often, on average, did you not take a dose of your antirejection medication? (1 = never, 2 = no more than a few times a month, 3 = about once per week, 4 = more than once per week). To assess "altered dose" nonadherence, we asked: In the past 6 months, how often, on average, did you change how you take your antirejection medication (for example, took more or less of it) without first talking to your transplant doctors, nurse, or pharmacist? (1 = never, 2 = no more than a few times a month, 3 = about once per week, 4 = more than once per week). For both questions, patients were subsequently classified as either "adherent" (response of 1 or 2) or "nonadherent" (response of 3 or 4).
Next, to assess immunosuppression holidays, we asked: In the past 6 months, have you gone more than 24 hours without taking your antirejection medication, without approval from your transplant doctors, nurse, or pharmacist? If the patients responded affirmatively, we asked how many times during the past 6 months they had gone more than 24 hours without taking immunosuppressant medication. We then asked whether any of these drug holidays lasted more than 48 hours and more than 72 hours. For the nonadherence assessment, the past 6 months was chosen to strike a balance between maximizing the sampling time frame for the patient and minimizing the likelihood of recall bias.
At the end of the interview, we asked patients to rate change in their physical health by responding to the question: Compared to the months right before your transplant, how would you rate your health in general right now? (1=much better, 2=somewhat better, 3=about the same, 4=somewhat worse, 5=much worse).
At both centers, all liver transplant patients eligible for this study previously underwent a comprehensive medical, surgical, and psychosocial evaluation to determine transplant eligibility. The psychosocial evaluations at both centers, where the first author (JRR) served as director of transplant behavioral health services, were identical and included separate clinical interviews by the transplant social worker and transplant psychologist. Psychosocial assessment findings were independently documented by both providers and consistently included summary assessments of the patient's history of psychological and psychiatric diagnoses and treatment, medication adherence, substance abuse, primary coping strategies, and social support availability and stability. For purposes of this study, information about these psychosocial variables was abstracted from the medical record by 2 individuals at each center who were blinded to the study aims and adherence interview data. Raters independently coded each of these psychosocial variables as "present" or "absent" using criteria designed to standardize data collection, facilitate statistical analysis, and mirror the clinical presentation of this information during transplant patient selection conferences (see Table) . Variables categorized as "present" were considered risk factors for nonadherence based on their association with medication nonadherence in the general medical literature. Discrepancies (85/1416, or 6%) in the ratings of the 2 coders were resolved by further review, discussion, and mutual rater agreement before statistical analysis of the data. The first author (JRR) trained the coders at both centers on how to apply the criteria (see Table) . Medical record review and coding of study patients was not started until 100% agreement was achieved by the 2 coders on 5 consecutive medical records of patients who were ineligible for the study (ie, >24 months after liver transplant). The following sociodemographic data were gathered from interviews with patients or review of their medical records: current age (years), sex, race, marital status, and educational background. Also, primary diagnosis before liver transplant, laboratory Model for End-Stage Liver Disease (MELD) score at time of liver transplant, months on the waiting list, and months since liver transplant were obtained from a review of the medical records.
Statistical Analyses
Descriptive statistics were calculated to summarize the sociodemographic and medical characteristics of the sample. The proportion of patients classified as adherent or nonadherent was calculated. Frequency statistics were calculated for each of the adherence questions. Student t tests were used to examine differences between adherent and nonadherent patients on continuous variables, and χ 2 or Fisher exact tests were used to identify differences between these 2 groups of patients on categorical variables. Variables with P less than .05 in the univariate analysis were included in separate stepwise logistic regression analyses to identify predictors of immunosuppression nonadherence (for missed dose and altered dose). Only those variables with an adjusted P less than .05 were included in the final model. Finally, using logistic regression analysis, we conducted a "dose-dependent" analysis 26 to examine the relationship between nonadherence and different levels of psychosocial risk before liver transplant. PASW 17.0 (IBM Corporation) was used for all statistical analyses.
Results
Recipient Characteristics
Three hundred ninety-eight adult transplants were performed during the study observation period ( Figure 1 ). One hundred twenty-eight patients (32%) did not meet study inclusion criteria. Eligible patients did not differ significantly from ineligible patients on age, sex, highest education, and primary cause of disease (all P values >.05), although ineligible patients had higher laboratory MELD scores at liver transplant than did eligible patients (P = .03). Of the 270 eligible patients, 236 (87%) completed the study and were included in the final analysis. Study participation rates and primary outcomes did not differ significantly by study site, so data from the 2 sites were combined for all analyses.
Mean age was 53 (SD, 11) years, 143 (61%) were male, 204 (86%) were white, 160 (68%) were married, and 88 (37%) had attended college. One hundred thirteen (48%) had hepatitis C virus infection, 99 (41%) had alcohol as the primary cause of liver disease, and 48 (20%) had hepatocellular carcinoma. Mean waiting time on the transplant list was 11.1 (SD, 12) months, mean laboratory MELD score at liver transplant was 21.2 (SD, 8), and mean time from liver transplant to study participation was 14.3 (SD, 5) months.
Missed-Dose Nonadherence
Eighty-two patients (35%) were classified as missed-dose nonadherent, with 18% missing immunosuppressant medications about once per week and 17% missing immunosuppressant medications more than once per week in the past 6 months ( Figure 2 ). Slightly more than half (52%) reported not missing any immunosuppressant medications in the past 6 months, and 14% reported missing immunosuppressant medications a few times per month or less.
Univariate analyses showed that, compared with adherent patients, patients with missed-dose nonadherence were more likely to have longer time since liver transplant (15.6 months vs 13.6 months, t = 2.8, University of Florida, n = 166 Beth Israel Deaconess Medical Center, n = 70 P = .006), be male (70% vs 56%, P = .04), view their overall health as unchanged or worse since liver transplant (27% vs 10%, P = .003), and have the following in the 24 months before liver transplant: mood disorder (64% vs 43%, P = .002), medication nonadherence (51% vs 28%, P < .001), limited social support (47% vs 27%, P = .002), and social support instability (36% vs 18%, P = .002). In the subsequent multivariate prediction model, 4 variables were statistically significant: male sex (odds ratio [OR], 2.46; 95% CI, 1.23-4.91; P = .01), longer time since liver transplant (OR, 1.08, 95% CI, 1.02-1.14, P = .01), pretransplant mood disorder (OR, 2.52; 95% CI, 1.34-4.74; P= .004), and pretransplant social support instability (OR, 2.25, 95% CI, 1.09-4.65, P = .03). The model explained 47% of the variance in the outcome (χ 2 = 50.87, P < .001) and correctly classified the outcome of 76% of patients.
Altered-Dose Nonadherence
Thirty-four patients (14%) were classified as altereddose nonadherent, with 11% changing immunosuppressant medication about once per week and 3% changing immunosuppressant medication more than once per week in the past 6 months without first consulting with a transplant provider (Figure 3 ). Most patients (80%) reported not altering immunosuppressant medications at all.
Univariate analyses showed that, compared with adherent patients, patients with altered-dose nonadherence were more likely to have the following in the 24 months before liver transplant: mood disorder (68% vs 48%, P = .04), medication nonadherence (53% vs 31%, P = .05), limited social support (36% vs 18%, P = .02), and social support instability (41% vs 21%, P = .002). Sociodemographic characteristics, medical variables, time since liver transplant, and perceptions of overall health were not significantly associated with altered-dose nonadherence (all P values > .05). In the multivariate prediction model, pretransplant mood disorder (OR, 2.15; 95% CI, 1.13-4.45, P = .04) and pretransplant social support instability (OR, 1.89; 95% CI, 1.06-4.28, P = .03) were predictive of nonadherence. The model explained 14% of the variance in the outcome (χ 2 =12.00, P = .02) and correctly classified 86% of patients.
Multivariate Analyses Using a Different Definition of Nonadherence
We repeated the statistical analyses just described to ascertain whether findings could be replicated on the basis of a more restrictive definition of adherence. In this analysis, patients were classified as misseddose adherent or altered-dose adherent if they reported never missing or altering their medication (ie, response of 1 to the 2 adherence questions) and all others were classified as nonadherent. With this classification, 48% of patients were classified as missed-dose nonadherent and and 20% as altered-dose nonadherent. Both multivariate models were significant (χ 2 = 25.62, P < .001 for missed-dose nonadherence and χ 2 = 16.42, P = .003 for altered-dose nonadherence), with pretransplant mood disorder and pretransplant social support instability retained as significant predictors of both types of nonadherence (P values < .05). Additionally, older age (P = .003) was strongly associated with misseddose nonadherence in this multivariate analysis.
Immunosuppression Holidays
Seventy-one patients (30%) reported at least one 24-hour immunosuppression holiday in the past 6 In the past 6 months, how often, on average, did you not take a dose of your antirejection medication?
Classified as nonadherent Percentage of respondents months (Figure 4 ). Thirty-eight (16%) patients reported at least one 48-hour immunosuppression holiday and 23 patients (10%) reported at least one 72-hour immunosuppression holiday in the past 6 months. Compared with patients without immunosuppression holidays, those with at least one 24-hour immunosuppression holiday in the past 6 months were more likely to have a pretransplant mood disorder (65% vs 44%, P = .004), a limited social support system (48% vs 28%, P = .004), and an unstable support system (34% vs 20%, P = .02). Immunosuppression holidays were not significantly associated with sociodemographic or medical characteristics, time since liver transplant, or perceptions of current health. In the multivariate prediction model, pretransplant mood disorder (OR, 2.14, 95% CI, 1.19-3.85; P = .01) and limited social support (OR, 2.04; 95% CI, 1.09-3.82, P = .03) were predictive of nonadherence and led to correct classification of 72% of patients.
Of those patients who acknowledged taking a 24hour immunosuppression holiday, the mean number of holidays in the past 6 months was 4.41 (SD, 4.0; range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Men reported more immunosuppression holidays than women reported (5.25 vs 3.12, t = 2.18, P = .03), and those without a substance abuse history at time of pretransplant evaluation reported more immunosuppression holidays than those with a substance abuse history (5.88 vs 3.13, t = 3.02, P = .004).
Exploratory Dose-Dependent Analysis of Psychosocial Risk Factors
To further examine the relationship between pretransplant psychosocial risk factors and immunosuppression nonadherence, we classified patients based In the past 6 months, how often, on average, did you change how you take your antirejection medication (for example, took more or less of it) without first talking to your transplant doctors, nurse, or pharmacist? Immunosuppression medication holidays, in the past 6 months, without approval from transplant doctors, nurse, or pharmacist on how many of the 6 psychosocial risk factors they had: 0 to 1 (low risk, n = 72, 31%), 2 to 3 (moderate risk, n = 106, 45%), and 4 to 6 (high risk, n = 58, 25%). Figure 5 shows that a significantly higher percentage of patients (60%) in the high-risk group were classified as missed-dose nonadherent, compared with 18% and 32% in the low-and moderate-risk groups, respectively (χ 2 = 24.4, P < .001).
Discussion
A relatively small number of studies have examined immunosuppression nonadherence in adult liver transplant recipients. Rates of immunosuppression nonadherence after liver transplant are quite variable, depending on how it is defined and what type of measurement is used, but generally range from 14% to 50%. 7, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] The immunosuppression nonadherence rates observed in our study fall within this range. For some, immunosuppression nonadherence may be defined as taking less than the prescribed amount, considering the serious and potentially life-threatening consequences of nonadherence. 28, 31 By these standards, we may have underestimated immunosuppression nonadherence rates in the current study because patients who missed immunosuppression medications fewer than once per week were classified as adherent. Others have proposed that immunosuppression nonadherence be defined as a "deviation from the prescribed medication regimen sufficient to influence adversely the regimen's intended effect." 38 However, data are insufficient to determine the level of immunosuppression nonadherence after liver transplant that adversely affects outcomes.
Nevertheless, the immunosuppression nonadherence rates observed in this study are surprising and concerning for several reasons. First, both transplant programs taking part in this study do not list patients with persistent medication nonadherence problems, so our study sample represents a select group of patients who showed evidence of good medication adherence at the time of evaluation. Second, both programs require liver transplant candidates and their caregivers to participate in a pretransplant educational program in which the importance of immunosuppression adherence is emphasized. Third, all liver transplant recipients at both programs participate in a formal predischarge medication educational intervention by the transplant pharmacist and medications are reconciled at each follow-up visit with the transplant hepatologist. Fourth, unlike many other investigations, we focused our study on those who were in the early stage of transplant survivorship (ie, ≤2 years). We expected nonadherence rates to be lower than published rates, because ample evidence shows that nonadherence to chronic medication regimens increases over time. 39 Our observed drug holiday rates are lower than those reported by Drent et al, 27 who found that 39% and 16% of adult liver transplant recipients reported drug holidays of 48 and 72 hours, respectively. Drent et al may have found higher drug holiday rates because they studied many patients who were several years removed from transplant. Interestingly, those with a pretransplant substance abuse history reported fewer immunosuppression holidays compared with patients without such a history. It may be that patients who have received treatment for alcohol and/or drug abuse are able to generalize relapse prevention skills to medication-taking behaviors and prevent subsequent occurrences of immunosuppression holidays. Unfortunately, we did not ask patients whether they informed their transplant providers about immunosuppression holidays. Findings of nontherapeutic immunosuppression levels or liver function abnormalities may precipitate potentially harmful immunosuppression dose increases and/or unnecessary diagnostic procedures if the transplant provider is unaware of immunosuppression nonadherence.
Male sex and longer time since liver transplant were significant predictors of immunosuppression misseddose nonadherence. Post-hoc analysis showed that men with more limited pretransplant social support were more likely to be nonadherent than were women with similarly limited supports (61% vs 38%, P = .02). Men may have more difficulty with medication management when they lack adequate support systems, although the relationship between sex and nonadherence is equivocal and warrants further study. [40] [41] [42] The finding that patients may be more nonadherent over time is not entirely unexpected. Even when faced with dire consequences of immunosuppression nonadherence, medication-taking fatigue, persistent side effects, perceptions of favorable health, and associated beliefs that immunosuppression may not be necessary, and return to normal routines all may contribute to missing medication doses. Over time, patients are likely to have fewer clinic appointments in the transplant center, which also may reduce the saliency and vigilance of medication-taking behaviors.
Mood disorder history and social support instability before transplant were strong predictors of both immunosuppression missed-dose and altered-dose nonadherence. This relationship was observed by using both our a priori definition of nonadherence and when testing a more inclusive classification of nonadherence (ie, any missed or altered immunosuppression dose in the past 6 months). Depression and anxiety are known correlates of medication nonadherence in patients with chronic illnesses. 32, 39, [42] [43] [44] [45] [46] Mood disturbances can affect cognitive functioning, self-efficacy, organizational skills, and motivation, which could-individually or in combination-adversely affect a patient's ability to attend vigilantly to a complex medication regimen. Transplant candidates and recipients should be routinely assessed and, if indicated, treated for symptoms of depression and anxiety to potentially mitigate the impact of these symptoms on behaviors related to taking immunosuppressant medications.
Our findings also corroborate previous studies showing that inadequate or unstable social support contribute to higher risk of immunosuppression nonadherence. 7, 26, 30, 47, 48 Most liver transplant programs require an identified primary caregiver to provide practical assistance to the patient throughout the transplant process. 8, 10 However, the effectiveness and stability of the support system may be more critical to health outcomes than the mere availability of others. 30 It is important that the caregiver be able to learn the posttransplant medication regimen and lifestyle changes that are necessary for optimal outcomes, as well as to facilitate immunosuppression adherence by providing cues or prompts for medication taking, positive reinforcement for healthy behaviors, and negative or corrective feedback for behaviors (eg, immunosuppressant nonadherence) that violate health expectations. The lack of a robust social network may tax a patient's limited intrapersonal resources or coping abilities and increase stress that compromises more favorable adherence behaviors. Importantly, we did not examine the differential role of structural (eg, living arrangements) versus functional (eg, practical assistance, emotional support) social support on immunosuppression adherence, which may have different implications for medication management over time. 48 Caregiver strain and burden, too, may reduce the quality and effectiveness of the support provided and, indirectly, may increase rates of medication nonadherence. 49, 50 Liver transplant programs carefully evaluate and identify candidates for listing who are likely to have a favorable transplant outcome. 8, 11 The psychosocial evaluation is an important component of this evaluation, but the utility of pretransplant psychosocial variables in predicting posttransplant adherence behaviors has infrequently been examined. We found that immunosuppression nonadherence is more likely among patients with more pretransplant psychosocial risk factors. Recipients who had 4 or more psychosocial risk factors at time of initial evaluation were significantly more likely to show signs of immunosuppression nonadherence than did those with one or fewer such risk factors. This finding further underscores the need for a comprehensive psychosocial evaluation, but perhaps more importantly emphasizes the necessity of interventions that target these symptoms to mitigate the risk of future immunosuppression nonadherence. 24 Study findings should be considered within the context of several important limitations. This is a study of immunosuppression nonadherence at one point in time, and we relied entirely on patient self-report. Immunosuppression adherence patterns are known to change over time for about 25% of liver transplant patients, 29 and future research should examine nonadherence prospectively and at multiple time points after transplant. 25 Although we emphasized a nonjudgmental and confidential approach to data collection and employed an interviewer not involved in the patient's clinical care, some patients may have underreported episodes of nonadherence. A multimethod approach to measuring nonadherence, including laboratory assays, is recommended for future studies.
Minority representation in this study (15%), while representative of the 2 transplant programs, is lower than the percentage of minority liver transplant recipients in the United States (29%); thus, we could not examine whether nonadherence rates and predictors differed by race or ethnicity. Although study patients did not differ significantly from nonstudy patients on sociodemographic and disease parameters, there is the possibility of selection bias that is inherent in patientreported outcomes research. Patients with profound immunosuppression nonadherence may not have taken part in this study, either because of death, poor relationship with the transplant team, or concerns about disclosing medication-taking behaviors. Importantly, we did not assess factors (eg, cultural, cognitive, physician-patient interaction, health system variables) that may also be associated with nonadherence, and these factors could offer additional insights into the effective management of nonadherence in the transplant setting. Finally, since we focused our assessment on patients within the first 2 years after transplant, these findings should not be generalized to longer-term liver transplant survivors.
In conclusion, this is one of a few multisite studies to examine self-reported immunosuppression nonadherence in a large cohort of adult liver transplant recipients. Rates of nonadherence are moderately high and associated with some pretransplant variables that are potentially modifiable. Additional research is needed to prospectively examine predictors and patterns of nonadherence beyond the first 2 years of transplant survivorship, 25 the association between subclinical levels of immunosuppression nonadherence and posttransplant clinical outcomes, and the effectiveness of behavioral health interventions to reduce the risk of posttransplant nonadherence.
